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EQUIPMENT FACILITIES FOR INTERTOLL DIALING 


By F. L. KAHN 


tined to play an important part in the nation- 

wide operator toll dialing plan. This long 
range program contemplates that outward opera- 
tors at an originating toll center will set up and 
extend toll calls on a nationwide basis directly to 
the called terminal; the assistance of any inward 
or through-switching operators will not be required 
if the call is destined for a subscriber in an auto- 
matic exchange. The new operating techniques for 
this modern high-speed toll service are often re- 
ferred to under the shorter term “Intertoll Dialing”. 
This article will deal principally with equipment 
facilities for this service. 


Bad to play on telephone companies are des- 


Cooperation of the Independent companies in 
this program will be of distinct and immediate 
benefit to the industry and will bring about note- 
worthy improvements. Toll calls will be extended 
more rapidly; the increased speed of completion 


SYNOPSIS: Intertoll dialing and the 
Independent telephone company— 
initial steps toward intertoll opera- 
tion — numbering plan — control 
switching points — toll centers — 
supervisory features—dial pilot lamp 
—keysenders—toll circuit dialing— 
loop dialing—simplex and composite 
dialing—a-c dialing—voice frequen- 
cy dialing—carrier frequency dialing 
— intertoll switch train — auxiliary 
toll selectors—ring control relays— 
intertoll through-selectors—intercept 
service—unattended automatic ex- 
changes—intertoll dialing systems in 
existence. 














will be especially pronounced on switched calls. instantaneous clearance. And for the same reasons, 
Faster and better service will create more toll busi- the revenue producing time of toll circuits will be 
ness. Outward operators will be able to handle materially increased. Inward and through-switch- 
more calls due to quicker completion of calls by ing operators will be almost completely eliminated 
dialing, dependable visual supervision and almost except in manual offices. More toll business will be 
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Figure |. Map of U.S.A. (and adjacent Canadian territories) showing toll numbering plan areas and tentative three-digit area 
codes. (Courtesy Bell System) 


handled by a smaller number of operators due to 
the extensive use of automatic switching facilities. 


Initial Steps Towards Intertoll Operation 


The introduction of intertoll dialing in any ex- 
change affects directory numbers, operating prac- 
tices and equipment facilities. The major elements 
requiring advance planning are summarized in the 
following five paragraphs and are enlarged upon 
in subsequent sections. 


(A) Operating companies with local automatic 
switching equipment in service or on order should, 
at the earliest opportunity, have their directory 
number systems coordinated with the office names 
and codes within the same area. (See Figure 1). 
This is desirable to obtain the benefit of uniform 
routing instructions. The foresighted Independent 
company may be able to retain and conserve its 
present or future numbering scheme by showing 
an immediate interest in this matter. If such inter- 
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est is delayed, present or desirable numbers, office 
names or exchange codes may have been assigned to 
other exchanges. 


(B) Toll boards, even in manual exchanges, 
must be arranged for dialing or key pulsing, as 
outward toll calls will be completed by dialing. 


(C) Toll circuits must be converted from ring- 
down or d-c signalling to automatic operation. All 
terminating equipment must be designed for 
dialing. 


(D) In automatic exchanges, switching equip- 
ment must be provided for direct completion of 
all inward calls to local subscribers, and to auto- 
matic tributaries; also for reaching inward, delayed 
call (Tx) and information operators by standard 
nationwide dial codes. 


(E) Operating procedures and routes must be 
established for handling toll calls by dialing. For 
this purpose, a numbering pattern and switching 
methods are being set up as outlined hereunder. 
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Numbering Plan 


The major pattern of the nationwide dialing plan 
is founded on creating about 80 toll areas (some- 
times called numbering plan areas) to simplify 
the routing of long distance calls. These areas, in 
many cases, will coincide with state areas; but sev- 
eral important and populous states may each be 
divided into several areas. (See Figure 1.) Each 
area will be identified by a specific three-digit code. 


Within each area, larger oftices will be selected 
by codes of two or three letters or numerals cor- 
responding to the name of the exchange or office 
wherever feasible; smaller exchanges will be given 
arbitrary three-digit codes. In all cases, the codes 
will be followed by four or five numerals represent- 
ing the station number. Thus, each subscriber with- 
in a specific area can be identified by a seven-digit 
or eight-digit number. Due to existing duplications 
in the first two or three letters or numerals of exist- 
ing offices, codes within each area must be co- 
ordinated before intertoll dialing can be intro- 
duced. This will sometimes necessitate changes in 
existing numbers of present automatic exchanges. 


For inter-area calls, a toll operator will normally 
dial ten or eleven digits consisting of the three-digit 
area code followed by the seven or eight digits that 
identify the called office and terminal. For a toll 
call between two exchanges located within the 
same area, the area code need not be dialed. De- 
pending on routing and destination, the toll opera- 
tor will dial the number of the called terminal 
preceded, if necessary, by the office code or by 
other routing digits. If the call is for a multi-office 
exchange, seven digits will be the normal pattern 
for calls within an area. 


Control Switching Points 


A three-digit area code can suffice for nation- 
wide service only by employing special electrical 
facilities that will automatically perform the func- 
tions of routing operators. These special devices, 
which we may call “electrical brains”, need be 
available only at major toll switching centers. In 
the nationwide dialing pattern, the present eight 
regional centers, most of the present primary out- 
lets and a few important toll centers will become 
Control Switching Points (CSP’s). For exchanges 
of this type, Automatic Electric Company has made 
available a “Toll Director Switching System”; the 
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Bell System is normally employing a “Crossbar Toll 
Switching System” for such exchanges. Both types 
of equipment are characterized by one common 
feature: a register-sender-translating device re- 
ceives and stores the called number, analyzes it for 
best normal routing, and automatically dispatches 
the call over the normal route or over one of sev- 
eral alternate routes. A toll call may pass through 
several CSP’s and may repeatedly receive the bene- 
fit of automatic routing. These register units can 
translate area codes and office codes as required. 
A model of the Automatic Electric Toll Director 
has been shown at national and state telephone 
conventions and has been seen by many operating 
men. 

Only a few important Independent exchanges 
will become Control Switching Points and accord- 
ingly need to be directly concerned with the special 
facilities required at CSP’s. Most Independent ex- 
changes are either toll centers or tributaries. For 
this reason, this article will principally deal with 
the intertoll dialing requirements of a toll center 
exchange. Many tributary exchanges will be auto- 
matic. Such exchanges as well as magneto tribu- 
tary offices will continue to have their calls handled 
by and through their toll centers. 


The nationwide numbering plan is designed to 
provide a simple routing guide, whenever calls 
are extended through a CSP. At a toll center, 
many calls can be completed over direct circuits 
to other toll centers. On calls not extended through 
a CSP, the toll center operator will dial only as 
many digits as required for the best direct or alter- 
nate routing of calls; this may involve four, five, 
six or more digits—generally less than seven digits. 
When a toll center has direct circuits to a toll ex- 
change in an adjacent toll area, the toll center 
operator need not dial the area code, thus saving 
three digits. This simplified procedure will apply to 
many short haul calls and will be appreciated for 
the resulting time saving. The regular seven- and 
ten-digit patterns are most useful for handling calls 
to the more frequently called major cities. With 
proper instruction of outward operators, only a 
small percentage of toll calls will require any 
reference to routing guides or route operators. 


Supervisory Features 


Uniform visual supervision is an essential operat- 
ing requirement with nationwide toll service. All 
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Figure 2. Manual toll board keyshelf showing keyset at lower right. 
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equipment involved in the setting up of an inter- 
toll call, from the originating toll center to the 
called terminal, must give the outward operator 
positive visual lamp supervision of the progress 
of the call, including busy, answer, recalls and end 
of conversation. The originating operator has the 
sole responsibility of extending, timing and releas- 
ing a toll call. The provision of dependable visual 
signals materially reduces the time spent for answer 
supervision, speeds up the release of toll circuits 
and improves timing of tickets. 


Where new equipment is on order or planned, 
intertoll facilities can be incorporated initially. 
Equipment in existing exchanges can usually be 
adapted for the special requirements by circuit 
changes and other modifications. 


The special intertoll facilities are described and 
discussed in the following sections on the basis of 
equipment and methods furnished by Automatic 
Electric Company for intertoll service. 


Toll Switchboards 


All Automatic Electric toll switchboards, new or 
old, are designed for cord circuit dialing. New 
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switchboards provide for dial pilot lamp and other 
visual supervisory features. 


The dial pilot lamp indicates to the dialing 
operator whether the switching equipment at the 
point of origin or at any intermediate point is 
ready to receive dial pulses. The operator is in- 
structed to start dialing or to continue dialing only 
when the dial pilot is lighted. 


There are only two operating conditions neces- 
sitating this safeguard. One is the small automatic 
tributary exchange without incoming selectors or 
connectors where toll circuits are terminated on 
line equipment. A toll call can be extended only if 
an idle linefinder is available, and after it has found 
the calling toll circuit. A “stop-dial” signal sent 
back to the originating exchange darkens the dial 
pilot lamp temporarily until the equipment at the 
tributary exchange is ready to receive dial pulses. 


The other case occurs on circuits terminating at 
a control switching point (or any other exchange 
employing switching equipment of the register 
type). Dialing must not proceed until an idle regis- 
ter is attached to the calling toll circuit. Registers 
are provided only in limited numbers and delays 
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may occasionally be incurred; hence the need for 


a “stop dial” signal. 


All automatic (cordless) toll boards are equipped 
with keysets. Keysets and keysenders are also avail- 
able as optional facilities on all new manual toll 
switchboards (Figure 2). Keysenders increase the 
speed of extending calls to automatic exchanges 
materially. An operator after “keying up” the 
called number may immediately retire from a con- 
nection, and work on another call while the first 
call is still in the process of being extended. She 
need not wait for the answer by the called party 
as she obtains further supervision (“line busy” or 
“call answered”) by the cord circuit supervisory 
lamp. On a seven-digit call, the operating time is 
reduced by at least five seconds; and the time 
gained is correspondingly higher on calls with more 
than seven digits. Keysenders obviously are desir- 
able and advantageous whenever a large percent- 
age of toll calls (outward and inward) is extended 
through automatic equipment. 


When toll boards have keysets instead of dials, 
a “stop-dial” signal will affect only the sending of 
the various digits from the sender equipment. The 
calling operator, once a sender is attached to a call 
may, under all conditions, set up the complete num- 
ber on the keyset without regard to the conditions 
encountered in extending the call; she is not held 
up by any “‘stop-dial” conditions. 


In addition to these positional features, toll 
boards arranged for intertoll service must be 
equipped with suitable dial trunks for all intertoll 
circuits. Trunk circuits for one-way outgoing serv- 
ice are arranged for relay rack mounting and con- 
sidered part of the toll board equipment. The same 
unit may also be used on two-way toll circuits in 
combination with a separate one-way incoming 
trunk unit; the latter would be considered part of 
the automatic equipment and arranged for shelf 
mounting. More frequently, a single set of equip- 
ment is furnished for two-way toll service; this unit 
mounts on regular automatic switch racks. 


Furthermore, terminations (jacks, lamps and 
relays) will be required for the one-way trunks 
from auxiliary toll selectors to inward and Tx posi- 
tions. These circuits are arranged for two-way 
signaling; when a call is established, it is possible 
lor the originating or the called operator to signal 
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the other operator by operating a ringing key (as 
in manual practice). 


Toll Circuit Dialing 


It is now practicable to dial over any type of 
toll circuit that may be used for intertoll service. 
The method most suitable for any specific case is 
dictated by the electrical make-up of the toll cir- 
cuit and to some extent by the ownership of the 
toll circuit. Short haul toll circuits will normally 
be operated on a d-c dialing and signaling basis. 
Most toll circuits terminated on Independent toll 
centers are in this class. 


Loop dialing is the simplest and least expensive 
method and is suitable for circuits up to 3000 ohms 
loop resistance if the circuits are not phantomed 
or composited. Such favorable conditions are 
normally encountered only in metropolitan areas 
where non-quadded cables are used. Loop dialing 
should be considered only when there is no possi- 
bility of later addition of phantom circuits. 


Simplex (Sx) or composite (Cx) dialing is used 
when the circuit resistance is too high for loop 
operation or when the toll circuits are phantomed. 
Two different methods of Sx-Cx dialing are ex- 
tensively used in intertoll dialing. The method pre- 
ferred by Independent companies employs battery 
pulsing, and battery and ground signaling. It is 
giving very good results over the short-haul circuits 
usually encountered in Independent operation. Its 
normal range (on 48-volt operation) is limited to 
1600 ohms loop resistance; but may be extended by 
employing higher pulsing voltages to about 3500 
ohms loop resistance. In terms of resistance in the 
dialing circuit, this represents 2000 ohms (includ- 
ing composite coils at both terminals). 


Another method is used by Bell System com- 
panies and generally specified for Bell-owned, or 
partly Bell-owned circuits. The Bell System calls 
it the composite signaling arrangement; this 
method is essentially the same as that of dif- 
ferential duplex telegraph operation and is some- 
times referred to by the term duplex signaling. 


A sensitive polarized Western Electric relay is 
the most essential element of this circuit. This Cx 
signaling relay and an associated balancing net- 
work are provided by Bell System companies as 
part of their toll line termination for Bell-owned 
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circuits. It can also be supplied by Automatic 
Electric Company when Independent companies 
desire to purchase these items. The Cx-signaling 
relay should not be confused with the composite 
(Cx) sets required on composited circuits. Any 
well balanced type of composite set may be em- 
ployed with the Bell type composite signaling 
circuit. 


Two types of composite signaling relays account 
for two widely different operating ranges: one for 
short haul circuits, with a maximum loop resistance 
of 4800 ohms of toll cable or 100 miles of open 
wire; the other for longer toll cable circuits, with a 
maximum loop resistance of 12,000 ohms. 


The Bell type composite signaling circuit in- 
corporates compensation for variations of ground 
potential as may be encountered on long toll cir- 
cuits. The first mentioned “Independent” method 
is inherently designed for short haul operation and 
makes no allowance for ground potentials. On 
short toll circuits, variations of ground potential 
are rarely of sufficient magnitude to prevent opera- 
tion (except for the occasional short time effects 
of magnetic storms that play havoc with all com- 
munication circuits). However, should such varia- 
tions normally exist beteween Independent toll 
centers, the composite signaling method should be 
selected, irrespective of distance. 


A-C dialing: where d-c facilities are not avail- 
able for dialing or when toll circuits are too long 
for d-c operation and have several intermediate 
repeater stations, dialing and supervision use a-c 
methods. 


Alternating current of commercial frequencies 
(50 or 60 cycles) has been and is utilized in this 
country on a small scale for dialing over short 
haul circuits. Its limitations make it little suited 
to intertoll dialing over longer distances. It is not 
at this time offered by Automatic Electric Com- 
pany for such service. 


Voice frequency dialing (VFD) is the preferred 
method of a-c dialing over toll circuits because 
voice frequency signals can be passed through voice 
repeaters or over carrier circuits without requiring 
any special pulse repeating equipment. This most 
universal method is also the most expensive one; 
hence it is used only where d-c methods cannot be 


employed. 
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Automatic Electric Company has developed a 
VFD system employing a pulsing frequency of 1000 
cycles which is used over a large toll network in 
Brazil and is giving excellent service. This equip- 
ment is available for requirements in this country 
wherever applicable. Independently owned _ toll 
circuits generally are not long enough to call for 
VFD operation. The need will arise more frequent- 
ly on Bell owned circuits terminating at Inde- 
pendent exchanges. The Bell System method of 
VFD for circuits terminating in toll centers uses 
a dialing frequency of 1600 cycles over four-wire 
circuits, or 1600 and 2000 cycles over two-wire 
circuits. It is the practice of Bell System companies 
to furnish the VFD units as part of their own 
terminating equipment at Independent exchanges. 
The Independent company provides only the as- 
sociated trunk circuit equipment. Should this type 
of VFD equipment be required by an Independent 
company for their own circuits, Automatic Electric 
Company is able to supply the necessary units. 


Higher frequencies (above the normal voice fre- 
quency range) offer a third method of a-c opera- 
tion. Dialing at carrier frequencies is incorporated 
in several types of carrier systems, such as the 
Lenkurt single- and three-channel systems; the 
method is as flexible and dependable as VFD. Car- 
rier frequency dialing is also used and particularly 
well suited for radio toll circuits. A system of car- 
rier frequency dialing, essentially the same as for 
carrier telegraph service, is also available; this 
method is in some instances preferable to voice fre- 
quency dialing, and less expensive. 


Automatic Intertoll Switching Equipment 


Methods of extending calls to subscribers, opera- 
tors, tributaries or to other toll circuits follow the 
usual pattern of automatic operation, involving no 
radical departure from other types of switches. The 
special features of intertoll service, however, in- 
troduce new functions which are reflected in the 
terminology of the equipment. The intertoll equip- 
ment is fitted into and superimposed on the normal 
local and toll switching facilities. It can best be ex- 
plained by reference to a typical trunking diagram 
of an automatic exchange, shown in Figure 3. 


All intertoll circuits terminate on one-way or 
two-way trunk circuits which perform essentially 
the function of an impulse repeater. In Automatic 
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these switches are 
usually built for mounting on switch shelves. 


Electric Company practice, 


Intertoll train: An intertoll first selector is re- 
quired for each intertoll circuit that gives two-way 
service or one-way incoming service. Calls to sub- 
scribers in the toll center exchange are extended 
over levels of this selector to second selectors, and 
through them to other selectors and connectors. 
Visual supervision is a primary requirement. All 
connectors are arranged to give hookswitch super- 
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vision. All selectors accessible to intertoll operators 
must provide an all-trunks-busy signal of 120 i.p.m. 
The connectors must send both visual and audible 
signals of 60 i.p.m. The audible signal is for the 
benefit of the calling party. Toll operators using 
keysets will have cut out of the connection before 
pulsing is completed. The calling party upon hear- 
ing the busy signal will usually hang up even before 
the operator has observed the flashing supervisory 
lamp. Thus she is spared the effort of asking him 
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to hang up. This saves more time on many calls. 


Visual supervision for toll operators over calls 
from the toll board to lines in the same exchange is 
normally incorporated in modern toll trains. 
Wherever such a toll train is available, the toll 
intermediate selectors and the toll connectors may 
be used jointly for calls from distant operators or 
operators in the same exchange. The principal new 
equipment required exclusively for intertoll service 
consists of the trunk circuits and the intertoll first 


selectors. 


In existing automatic exchanges without a toll 
train, toll intermediate selectors must also be furn- 
ished, as well as some toll connectors for each con- 
nector group. (Toll connectors will usually be of 
the “combined toll and local service” type.) In 
older exchanges with toll trains providing only 
audible busy signals, toll selectors and toll connec- 
tors can usually have visual (flashing) busy signals 
added so they are suitable for intertoll calls. 


The conventional toll switch train has a “trans- 
mission bridge” in a switch ahead of the connec- 
tors. Such a bridge is also required in the intertoll 
train. The transmission bridge is normally in- 
corporated in the intertoll first selector. However, 
in multi-office areas and some other instances, it 
is generally more economical to locate the trans- 
mission bridge in the toll second selector. 


The intertoll switch train is arranged for auto- 
matic ringing start. It makes no provision for re- 
ringing nor for collecting or refunding coins from 
prepay stations. (Inward collect calls must be com- 
pleted through the inward operator. ) 


Auxiliary toll selectors: Auxiliary toll first selec- 
tors are connected to the first level of the intertoll 
first selectors in every toll center exchange, to pro- 
vide access to toll and information operators and 
to tributary toll circuits. Standard nationwide code 
numbers are assigned for operators’ trunks. Inward 
operators who may have to be called for inward 
collect calls, unanswered or other special services, 
are reached through /2/. Delayed service (Tx) 
operators are reached by a call number starting 
with /7 and ending with one or two digits to iden- 
tify the Tx service group or position. Toll informa- 
tion operators are reached through /3/]. Other 
special three-digit codes (151, 101) may be needed 


in larger offices, but rarely in toll centers. Several 
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levels of the auxiliary first selectors will always be 
available for trunks to tributary offices. The special 
service codes for tributary trunks must not exceed 
three digits, and will in all cases begin with the 
digit /. 


In small toll centers, a two-digit selector is 
particularly useful as an auxiliary toll selector. This 
switch permits connection of more than one trunk 
group to a level, provided the total trunks of the 
several groups on a level do not exceed ten. As 
tributary toll circuit groups frequently are very 
small (two, three or four trunks per group), a two- 
digit selector can accommodate a considerable 
number of trunk groups in excess of the ten groups 
normally available with regular (one-digit) selec- 
tors. It will thus frequently suffice for all trunks to 
operators and tributaries. When initial or ultimate 
requirements call for more terminals than this 
special type of selector would accommodate, aux- 
iliary toll second selectors may be connected to one 
or several levels of the auxiliary first selectors. 


Toll trunks to ring-down tributaries must be 
preceded by ring control relays. Such a relay group 
automatically sends out a splash of generator when 
a ring-down trunk is seized by an intertoll operator. 
It also repeats ringing signals in either direction 
when either the calling or the called operator 
should wish to signal one another after a call has 
been established. Relay groups for ring-down serv- 
ice are normally connected ahead of the auxiliary 
first or second selectors when there is a large num- 
ber of ring-down circuits. The ringing feature, 
however, is effective only on calls made to ring- 
down circuits. When only a small number of ring- 
down tributary circuits are connected to the aux- 
iliary selectors, it may be more economical to com- 
bine the ring control feature with the ring-down 
trunk circuit. 


Intertoll through-selectors: Provisions for ex- 
tending intertoll calls to other toll circuits (not 
tributary circuits) are occasionally required in toll 
centers for regular or emergency switching. 
Through-selectors connected to level 0 of the inter- 
toll first selectors are installed for through-switch- 
ing when required. One-digit selectors, digit-ab- 
sorbing selectors or two-digit selectors are available 
for this switching function. Through-switching 
codes start with 0 and must not exceed three digits. 
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When access is required to ring-down toll circuits, 
these selectors are preceded by a ring control relay 


group. 


In summary, the minimum requirements for in- 
tertoll service at a toll center include the provision 
of trunk circuits, intertoll first selectors, auxiliary 
first selectors, and trunks to inward, Tx and in- 
formation operators. In larger offices, auxiliary 
second selectors and through-selectors may also be 
needed. In exchanges without a toll train, toll in- 
termediate selectors and toll connectors should be 
furnished for intertoll service. 


Intercept Service 


With direct dialing by distant operators and 
elimination of inward operators on most inward 
toll calls, good intercepting facilities are important 
to give the calling outward toll operators correct 
information on calls to changed, unassigned or dis- 
continued numbers, and to prevent unproductive 
use of toll circuit facilities. 


Intercept equipment should be provided in all 
toll center exchanges. If it is now available, only 
very slight modifications are required for intertoll 
service. 


Intertoll transmission selectors automatically ap- 
ply a special tone when a call is answered by an 
intercepting operator. This tone identifies the call 
to the answering operator as a toll call. The inter- 
cept operator can remove the tone and signal the 
distant operator by a flashing key. This operation 
prevents false answer supervision, and causes the 
originating toll operator to respond to the special 
flashing signal. 


Intercepted intertoll calls should not (and nor- 
mally cannot) be extended by the intercept opera- 
tor. The intercept trunks lack the proper super- 
visory features, and are not provided in sufficient 
quantities to handle regular traffic. 


Intercepting equipment can be furnished for all 
types of lines. It is simple and inexpensive for in- 
dividual lines and for party lines served on a ter- 
minal-per-station basis. With terminal-per-line 
party lines, cost of intercept equipment frequently 
limits application of intercept service on as broad 
a basis as is desirable for intertoll operation. 
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Unattended Automatic Exchanges 


Intertoll calls to unattended automatic ex- 
changes (dial tributaries) are automatically 
switched through the toll center via auxiliary toll 
selectors, and are usually completed over the same 
toll circuits that are used by toll center operators. 
Accordingly, no additional toll circuits or switches 
are required. 


Termination of toll circuits on incoming selec- 
tors or connectors is desirable so that the toll opera- 
tors will have traffic facilities that cannot be 
blocked by local calls. However, in the smallest 
Community Automatic Exchanges such facilities 
are sometimes considered too expensive, and not 
feasible because of switchboard space limitations. 


When toll trunks terminate on line circuits, a 
‘‘stop-dial” signal must be given to intertoll opera- 
tors until the call is extended through a linefinder 
to a selector or connector. This supervisory feature 
is incorporated in the toll trunk circuits of all new 
Automatic Electric Company C-A-X’s. It is also 
easy to modify existing circuits for this new re- 
quirement. 


Hookswitch supervision is always provided in 
Automatic Electric Company automatic exchanges. 
Visual busy signals are also essential for intertoll 
service. Several circuit arrangements are available. 
They are furnished by Automatic Electric Com- 
pany according to the size and type of the un- 
attended exchanges: 


(1) A regular toll train (toll selectors and toll 
connectors) can be furnished to provide all toll 
facilities (flash busy, intercept tone, toll grade 
battery ). 


(2) The regular selectors and connectors can 
be designed to give visual busy supervision on toll 
calls, and audible busy on local calls. ‘The arrange- 
ment may be called a simplified toll train. 


(3) A third arrangement provides verification 
facilities for toll center operators only, visual super- 
vision on toll and intertoll calls and audible busy 
on local calls. This is called a combination toll and 
verification service. 


Intercept service is recommended for unattended 
exchanges having more than 500 lines. When pro- 
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vided, intercept features should be the same as in 
toll centers. The intercept operator will usually be 
located at the toll center, and intercepted calls 
will be extended to her over special trunks or 
regular service trunks. 


Present Intertoll Dialing 


Automatic Electric Company pioneered toll dial- 
ing more than thirty years ago, and has in the 
course of these three decades furnished a con- 
siderable number of isolated Independent toll dial- 
ing systems. Intertoll dialing along the lines de- 
scribed in this article but not on a nationwide 
basis has been in operation between Bell and In- 
dependent exchanges in several areas, notably in 
Ohio, for the last ten years, with much of the 
equipment supplied by Automatic Electric Com- 
pany. As a result, nationwide operator toll dialing 
does not present new and unsolved problems. 


Long experience and actual field-tested equip- 
ment facilities provide an adequate background 
for meeting intertoll dialing requirements in new 
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or existing exchanges in the most appropriate and 
economical wav. 
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ACCELERATED SERVICE TESTING OF AUTOMATIC 


ELECTRIC EQUIPMENT 


By R. B. KING 


HE Engineering and Manufacturing divi- 

sions of Automatic Electric Company are 

continually seeking ways to produce equip- 
ment which will give better service over a longer 
period, at a lower initial cost and with less main- 
tenance. Accelerated service tests serve two pur- 
poses in working toward this goal. First, they may 
be used to determine the merits of a proposed de- 
sign as compared with one in production, and sec- 
ond, they may be set up on a routine basis to per- 
mit periodic checking of current production against 
the standards of performance originally established 
for a design. Accelerated tests are also conducted 
on entirely new apparatus being considered for 
manufacture. Such tests, however, are usually of 
special character and differ from the above two 
types, whose primary objective is maintaining and 
improving the quality of standard products. 


It is customary to speak of accelerated service 
tests as “life tests,” and their results are frequently 
described as “service equivalent in years” or “life 
It is obvious, however, that 


b 


b) 


expectancy in years.’ 
the laboratory cannot duplicate all the variable 
field conditions which may shorten the life of 
parts. Then too, there are gradual changes over 
years of service which cannot be accelerated suc- 
cessfully. Accordingly, the results of life tests must 
be considered inherently relative rather than ab- 
solute and must therefore be interpolated in the 
light of field experience. 


Life tests of both types are used extensively by 
Automatic Electric Company. New designs which 
have met successfully all requirements as to oper- 
ating characteristics must finally endure rigorous 
life tests before approval for production. Proposed 
materials which exhibit satisfactory properties in 
the laboratory tests for hardness, strength, flexi- 
bility, or whatever is applicable, then undergo life 
tests during which particular attention is given to 
their effects upon associated parts, lest the overall 
life expectancy of a complete assembly be short- 
ened by an improvement in one of its components. 
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SYNOPSIS: Types of accelerated tests 
—their significance—testing two-mo- 
tion and single-motion switches—re- 
quired life expectancy — provisions 
for pulsing—testing relays “‘do de- 
struction” — testing dials and lever 
keys—testing cords. 





For example, armature buffers capable of resisting 
wear indefinitely would be highly undesirable if 
they cut through the contact spring in a few mil- 
lion operations. In the second classification, there 
is a program of routine life tests carried on con- 
stantly to determine the life expectancy of assemb- 
lies picked at random from shop production. 


Most of the life tests are set up in cabinets in 
an air-conditioned room, and are run by engineers 
who devote their entire time to such testing. Some 


°é 
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Figure |. Strowger two-motion switches under accelerated 
life test. 
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of these tests are discussed briefly in the following 


paragraphs. 


Switch Testing 

Tests of two-motion switches (Figure 1) are al- 
ways in progress. In running accelerated tests of 
stepping mechanism, the acceleration must not be 
carried so far that results cannot be correlated with 
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Figure 3. Type 24A36 dials under mechanical test simulating manual operation. 


experience in normal operations. Accordingly, 
connectors are stepped at dial speed for both verti- 
cal and rotary motions; selectors are stepped at 
dial speed for vertical motion but at their normal 
“interrupted” rotary speed; and linefinders are 
stepped at their normal interrupted speeds for both 
motions. 


There is no definite end-point to the life of rela- 
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tively complex mechanisms 
such as these: they can be 
kept running almost indefin- 
itely but maintenance event- 
ually becomes difficult. Be- 
cause of this, the test is 
ordinarily stopped when the 
number of operations 
reaches a “bogey” value 
representing a comfortable 
margin above the required 
life expectancy. The usual 
bogey for two-motion 
switches is 3,500,000 calls, 
based on the following ap- 
proximations. A switch may 
average about 200 calls per 
day under heavy traffic con- 
ditions, or about 75,000 calls 
per year. Assuming 20 to 25 
vears of actual service before 
replacement, the total num- 
ber of calls works out to around 1,750,000. To 
provide an ample margin of safety, this is doubled, 


giving the 3,500,000 total. 


The performance of the switches is judged chief- 
ly by the amount of abnormal maintenance shown 
on the test log. Any part requiring replacement 
during the test is studied immediately to ascertain 
whether corrective measures are needed in design 
or manufacture. The switches are watched through- 
out the test for evidences of any excessive deteri- 
oration, and are dismantled sufficiently to permit 
detailed examination when the test is concluded. 
The tests are not designed to show favorable re- 
sults by pampering the switches; on the contrary, 
they are deliberately made more severe than norm- 
al service in certain respects. Linefinders, for ex- 
ample, are arranged to cut in and rotate on the 
same level during each operation, thus concen- 
trating on one level of the rotary ratchet and banks 
all the wear which would be distributed over ten 
levels in actual service. 


Switches or other assemblies taken from pro- 
duction lots for routine life testing are never hand- 
picked. The only preliminary to actual testing is 
a record of the adjustments and a close visual exam- 
ination of the general quality of workmanship. 
made by the engineer in charge of the test. Dur- 
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Figure 4. Arrangement for life test of lever keys. Manual operation is simulated. 


ing the testing, he continues a close watch for any 
abnormality of parts, adjustments or operation, 
but the maintenance is limited to that which would 
be expected of competent personnel in working ex- 
changes. In general, this amounts to adding lubri- 
cant if needed, and performing complete read- 
justment at intervals corresponding to several years 
of heavy service. Parts are replaced only if they 
deteriorate sufficiently to be unusable. 


Pulses at dial speed are provided by motor- 
driven cam interrupters for stepping the switch 
magnets (unless they are to be “interrupted” by 
their own springs). Control circuits supervise the 
operation of the switches to make sure that each 
cycle is completed correctly. Selectors, for ex- 
ample, are tested for proper functioning with six 
different combinations of “idle” and “busy” trunks 
on as many levels of the banks, to detect any tend- 
ency for “skipping” or false “stopping.” ‘The con- 
trol equipment stops the test if any switch functions 
incorrectly, maintaining each switch as it was at 
the moment of malfunction so that the engineer 
may determine the nature and cause of the diffi- 
culty. The number of completed calls is recorded 


by an electric counter. 


Single-motion switches, such as “minor” switches 
and rotary lineswitches, likewise receive their full 
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share of attention. A setup for life test of the new 
Type 45 rotary switch is shown in Figure 2. Oper- 
ating arrangements simulate the normal circuit 
usage of the switches: that is, minor switches are 
driven at dial speed but rotary lineswitches are 
“interrupted” by their own contacts. In some in- 
stances, an interrupter relay is connected between 
switch contacts and magnet, duplicating a circuit 
scheme frequently used. The control equipments 
provided are essentially simpler versions of the 
equipments used for testing two-motion switches. 
and the test procedure is much the same as that 
outlined above. 


Relay Testing 


Since the relays associated with the switches 
function during each operation, it is possible to 
secure some information on relay life as a_by- 
product of switch tests. In practice, this serves 
principally to check the adequacy of contact pro- 
tection against excessive electrical erosion, as the 
relays will be serviceable long after the switch 
mechanism has completed the number of opera- 
tions normally required on an accelerated tests. 
When it is desired to test relays “to destruction,” 
they are tested separately. Pulses from a motor- 
driven interrupter cause the relays to operate at 
a fairly rapid rate, but it is still a long job. Relays 
of heavy duty construction may be operated on a 
test run for two years (250,000,000 operations) or 
more, whereas test runs on switches are usually 


stopped after six to nine months of accelerated: 


testing. 


As the relays are required only to follow the 
pulses, and it can be seen at a glance whether they 
are doing so, no special supervisory equipment is 
necessary. The total operations are either logged 
on a basis of hours run or recorded by a counter 
arranged to operate once per hundred pulses. At 
regular intervals, the engineer in charge measures 
the gauging, residual setting and margin. Any 
change is recorded and the relays are readjusted 


if necessary. 


Routine life tests of relays are usually run with- 
out electrical load on the contacts, so that the con- 
tact erosion observed will be due purely to mechan- 
ical factors. Special life tests are conducted to es- 
tablish ratings for contact points of various ma- 
terials and sizes, or to determine suitable contact 
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Figure 5. Abrasion test setup, for revealing cord insulation 
durability. 


protection for new circuit arrangements. Because 
contact erosion due to electrical causes is largely 
a function of the contact points used and the cir- 
cuit conditions, it must be controlled in circuit 
design. The life tests of two-motion switches pro- 
vide confirmation that the design practices are 
satisfactory. 


Testing of Manual Equipment 


All of the devices mentioned so far are mag- 
netically operated, and others fall in the same cate- 
gory: ringing converters, tone buzzers, service me- 
ters, solenoids. Life tests for these devices can be 
arranged to operate them in the same way that 
they are operated in service. Many other devices, 
however, are intended for manual operation. Dials 
and lever keys are important items in this class. It 
is obviously impractical to operate them manually, 
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and it is equally impractical 
to duplicate mechanically 
the endless variety of inci- 
dental stresses to which as- 
semblies may be subjected 
in manual operations. 
Nevertheless, mechanically 
operated life tests which 
simulate normal manual 
operation provide valuable 
information regarding sta- 
bility of adjustment and life 
expectancy of the bearings 
and springs. 


Figure 3 shows a group 
of dials mounted on a ma- 
chine which rotates each 
finger plate to 0 by cam 
action and then allows a free return to normal. 
During the test, the pulse ratio and speed are 
checked at regular intervals with a portable test 
set. Maintenance practice is essentially the same 
as for switch mechanisms. 


Figure 4 shows a machine which tests lever keys 
by a rocking pair of bars which drive the handles 
to the two fully operated positions alternately. The 
bars are covered with resilient material, approxi- 
mating the softness of thumb and fingers, to pre- 
vent jamming at the end of the stroke. Key handles 
have sufficient play between the bars to permit the 
normal “snap” on return from locked position. 


Cords are not operating mechanisms, but re- 
peated cycles of mechanical abuse can be counted 
and used as a measure of the relative life expect- 
ancies of a number of specimens. —Two machines 
are used for this purpose. One can be set up for 
an abrasion test, in which the cords are pulled back 
and forth over polished rods, as shown in Figure 
3. Individual weights on the free ends of the cords 
provide standardized loading. This same machine 
can also be set up to make stretching test of elastic 
cords. Another machine (Figure 6) is designed to 
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Figure 6. Cords under high-speed "kinking test.” 


perform a “kinking” test in which twisted loops of 
cord are alternately tightened and relaxed at high 
speed. All of these tests on cords are supervised 
on the same basis: careful visual inspection for any 
deterioration of the external insulation, and elec- 
trical inspection to detect any damage done to the 
internal insulation or the conductors. 


The tests mentioned do not exhaust the list, but 
they do indicate the scope and significance of the 
life-testing program. New test methods must fre- 
quently be devised by the engineers to answer a 
particular question quickly, or to test devices with 
new characteristics. Some of these new tests ulti- 
mately become part of the routine life-test sched- 
ule. Occasionally it is found possible to supersede 
a test or abandon it entirely. Test activities are 
concentrated on the items in production at the 
time, to keep the program in step with the current 
needs of equipment users. 


Tests such as those described represent one of 
the ways in which Automatic Electric Company 
assures purchasers that its equipment will provide 
optimum results in terms of length of life, de- 
pendability, and low maintenance cost. 








STROWGER SWITCH BANK CAPACITIES: 
THEIR EFFECT ON SYSTEM FLEXIBILITY 


By IMRE MOLNAR 


NE day in 1888 two men in a Kansas City 
() undertaker’s parlor were discussing a prob- 

lem of great importance to them, and, as 
it turned out, to civilization in general. Their 
problem had been the subject of many previous 
discussions: lost business due to inefficient service 
of the local telephone operators. Accordingly, they 
reasoned, a mechanical contrivance should be de- 
signed so that telephone users could establish a 
connection themselves, thus dispensing with the 
operators. 


At this point the elder man, Almon B. Strowger, 
picked up a collar box, found those days in every 
man’s dresser. With the aid of a pencil he demon- 
strated to his nephew how he believed such a 
device could be made. He stuck a large number 
of pins, arranged in several rows, into the circular 
box. He visualized each pin as connected to a 
wire from an individual telephone instrument. A 
central shaft, he explained, could be used to raise 
a brush and then rotate it, step by step, until it 
contacted the pin leading to the desired telephone 
station. 


Whether this story, related by the nephew, Wal- 
ter S. Strowger, is apocryphal or not, Almon B. 
Strowger had a history-making patent, U. S. No. 
447918, filed on March 12, 1889. It involved an 
automatic telephone system using a circular bank 
of one thousand contacts arranged in ten rows, 
very much like the collar box device just men- 
tioned. A model of a switch based on this patent, 
but having only one row of 100 contacts is shown 
in Figure 1. 


The purpose of this article is to show with a few 
typical examples the flexibility attained by various 
combinations of the Strowger switch bank as it 
has been developed from the crude beginning just 
described. In retrospect, there are two points 
worthy of emphasis: that arranging bank term- 
inals in an arc of several levels was fundamental 
to the Strowger system; and that the bank capacity 
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SYNOPSIS: Strowger’s original ‘collar 
box” switch—1895 prototype of pres- 
ent switch banks—300-contact banks 
(100 lines) —50-line connectors—400- 
contact banks—trunk hunting con- 
nectors—‘‘discriminating’”’ service— 
automatic fire reporting—automatic 
toll boards — 600-contact banks — 
test distributors—20-level digit ab- 
sorbing selectors—methods of wiper 
selection — relative advantages of 
200- and 100-line connectors—line- 
finders vs. lineswitches — _ vertical 
banks — 800-point banks — Type 
2000 switch. 











was by no means limited to one hundred lines (the 
patent itself provided for as many as a thousand). 


In 1891 Strowger and his associates began 
manufacturing automatic telephone equipment. 
Strangely enough, however, during the first few 
years they produced several different types of con- 
tact banks, entirely unlike the one disclosed in the 
original patent. (Two examples of these digres- 
sions are shown in Figures 2 and 3). It was not 
until 1895, when an installation was made in 
Michigan City, Indiana, that the contacts were 
arranged in an arc, with ten contacts in each of 
ten levels. 


Each switch was equipped with two banks, the 
contact levels of which were separated by insulat- 
ing strips. (A switch of this general character 1s 
shown in Figure 4, but here the insulating ma- 
terial is plaster of paris, which was used in several 
installations during this period. ) 


By a combination of ingenious circuit and me- 
chanical contrivances, one switch had access to 
a hundred and eighty subscribers’ lines, any of 
which could be selected by a three-digit number- 
ing system. Vertical and rotary magnets were con- 
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Figure |. Model of a switch and bank based on Strowger's 
first patent but having a single row of contacts. 





Figure 2. Switch of the type used in the first com- 

mercial Strowger installation in 1892. The 100 

contacts were arranged in a circle on the surface 
of a disc. 








trolled by these three digits. This switch was 
fundamentally the same as some of the 200-line 
connectors used today, although of course me- 
chanical details and circuits were quite different. 
U. S. Patent No. 638,249, covering the system, 
shows a large number of banks associated with 
each switch. It claims a system in which a thous- 
and lines can be served through a single switch 
controlled by three-digit numbers. Since an ex- 
amination of the 1895 model reveals many of the 
basic features of the Strowger switch bank, it may 
be considered as the prototype of present banks. 


In discussing these early models it must be borne 
in mind that single-wire line multiples were then 
used in automatic telephone systems, because the 
individual talking circuits generally consisted of 
a single conductor only, with ground or common 
conductor return. Furthermore, the multiple did 
not include an individual busy guard lead for each 
line. The called party’s line was consequently un- 
guarded during conversation, even though the call- 
ing party was protected by the off-normal springs 
of the switch used in the connection. However, 
the 1895 model did include a provision whereby 
the potentials present on the talking conductor 
during conversation guarded both called and call- 
ing parties against intrusion to a certain extent. 
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Important developments took place between 
1897 and 1899. Providing two wires for each line 
in the bank multiple brought about full metallic 
talking loops; providing a third (or private) wire 
within the central office multiple assured complete 
busy guarding for both called and calling parties. 
The switch now had a capacity of one hundred 
lines and was equipped with two banks: a line 
bank with a hundred pairs of contacts, the con- 
tacts of each pair being separated by paper in- 
sulators (later hard fiber); and a private bank 
with a hundred individual contacts. Thus it was 
something like the simplest present Strowger switch 
of 100-line, 300-conductor capacity. 

Crosstalk considerations made it advisable to 
abandon this simple and compact device in 1902. 
Newer switches were equipped with three banks: 
one private bank, as before; and two line banks, 
each with fifty pairs of contacts. Contacts of the 
line banks were divided between two 5-level groups, 
so arranged that at each vertical step only the con- 
tacts of one bank were selected. In this way the 
rows of the line bank contacts were further sep- 
arated, and consequently crosstalk was greatly re- 
duced. See Figure 5. 

This example is significant because it illustrates 
the careful attention paid by Automatic Electric 
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engineers in those early days, 
years before the develop- 
ment of high amplification 
voice repeaters, to the trans- 
mission aspects of telephone 
systems. Consistent with this 
tradition, they never lost 
sight in future developments 
of this most important con- 
sideration, which resulted in 
the remarkably low crosstalk 
level of Strowger switch 
bank multiples extending 
even over many hundreds 
of banks. 

In 1938 certain funda- 
mental changes were made 
in the circuit technique of 
the Strowger system. Im- 
provements at the same time 








Figure 3. In this switch, used in 1893-4, the bank took the form of parallel 
wires. The earliest example of a bare wire bank multiple. 








in methods of wiring and 
bank insulation permitted 
reverting to the pre-1902 arrangement of hundred- 
line switches equipped with two banks (a line bank 
with a hundred pairs of contacts, and a private 
bank with a hundred individual contacts). 

This in a sense concluded the “historical” de- 
velopment of the Strowger bank. While numerous 
improvements in design, materials and _ wiring 
methods were introduced in the ensuing years, the 
fundamental pattern was established for the bank 
arrangement of today’s simplest Strowger switches 
(hundred-line connectors and ten-level, ten-trunk 


selectors ) . 


The 300-Contact Bank 


The simplest and most frequently used switch 
circuits in telephone systems are arranged for three- 
wire operation: that is, they consist of two talking 
conductors and one busy guard, or private, con- 
ductor. Such switches, therefore, are equipped 
with two banks: the upper private bank with one 
hundred contacts, and the lower line bank with 
one hundred pairs of contacts. Each of these banks 
is about 144” high—or 314” for the total height 
of the pair, 242” deep (not including the multiple 
wiring), and 4144” wide. Banks of two adjacent 
switches are spaced on 434” centers. 

The contacts of each bank are distributed over 
ten levels. Each level of the private bank has ten 
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contacts; each level of the line bank has ten pairs 
of contacts, separated by a thin phenol fiber in- 
sulator. The contacts are arranged in an arc 
around the wiper shaft, with a 96-degree angle 
between the center lines of the first and tenth con- 
tacts. The private bank contacts are slightly wider 
than the line bank contacts, in order to allow the 
wiper to bridge two adjacent contacts while in 
motion, and at the same time prevent the wiper 
blades from closing into the space between these 
contacts during stepping. Bridging of line banks 
is not permissible because of the momentary inter- 
ference between neighboring talking circuits; how- 
ever, the insulator between the contact pairs ef- 
fectively prevents the wiper blades from closing 
during motion from one pair to the next. Details 
of a typical present day 300-point bank and its 
associated wipers are shown in Figure 6. 


The Strowger switch rotary hub has a sufficient 
number of teeth to permit eleven steps during ro- 
tary motion. The extra step may, for example, 
be required for certain overflow circuit functions 
when a selector, after testing the ten trunks of 
a level, finds every one of them busy. As a rule, 
each level of the bank is equipped with ten con- 
tacts only, the wiper moving completely off the 
bank on the eleventh step. There are also, how- 
ever, extensively used Strowger switch banks with 
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eleven contacts per level, the last being employed 
for a special overflow operation. 


Bank contacts are made of brass. Each level of 
contacts is separated from the adjacent ones by 
phenol fiber insulators and metal spacers. On the 
line banks all spacers are together, serving as an 
electrostatic shield to prevent crosstalk between 
contacts of adjacent levels. Each bank assembly 
is rigidly clamped by long high tensile screws be- 
tween two end plates. Banks associated with a 
switch are spaced from one another and connected 
to the Strowger switch mechanism by two bank 
rods. 


Small Capacity Banks 


While the hundred-line bank, consisting of 
three hundred contacts, is generally considered 
as the simplest combination, certain special con- 
nector banks for fifty lines have also been pro- 
duced. These consisted of one hundred and fifty 
contacts, arranged on five levels with ten rotary 
steps each. These banks were used in small private 
installations where the ultimate capacity was not 
expected to exceed fifty lines. 


A single bank of one hundred pairs of contacts, 
with two pairs of wipers separated by a distance 
corresponding to six levels, provided an even more 
compact arrangement for fifty-line connectors. ‘The 
talking conductors were placed on the five lower 
levels, while the privates occupied the five upper 
ones, with an extra set of contacts available for 
four-conductor circuits where needed. These banks 
were manufactured with five levels of narrow bank 
contacts and five levels of wide ones. 


An extreme case of reduced bank capacity was 
the Strowger switch with only a two-level bank and 
two sets of wipers. It was used some thirty years 
ago as a frequency selecting switch for multi- 
party connectors, before the minor switch was per- 
fected for this purpose. This Strowger switch had 
no vertical magnet, moving in a rotary direction 
only. 


The 400-Contact Bank 


To continue the discussion about the hundred- 
line Strowger switch, the next obvious step was 
replacing the private bank by one equipped with 
a hundred pairs of contacts. The bank became 
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Figure 4. Prototype (1895) of the familiar 
Strowger switch having the bank in arc form. 











almost identical with that used for the line con- 
ductors, except that the contacts were of the bridg- 
ing type and that electrostatic shielding between 
levels could be eliminated. However, the metallic 
spacers were still retained to give rigidity to the 
assembly. 


A complete multiple for four hundred conduc- 
tors per switch was thus available for use in four- 
conductor circuits. There were now the two talk- 
ing wires, a private wire, and a fourth for sundry 
control purposes. 
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Probably the most important among the num- 
erous four-conductor applications are the trunk 
hunting connectors (sometimes called PBX con- 
nectors). ‘These switches serve individual lines 
as well as groups of several exchange lines assigned 
to one subscriber. All such lines are wired to con- 
secutive connector bank terminals. Dialing the 
first (or pilot) number, under which the sub- 
scriber is listed in the directory, the connector 
automatically tests all lines of the group until an 
idle one is found, which is then seized for the call. 
If all lines of the group are engaged, the con- 
nector stops on the last one and returns a busy 
signal to the calling subscriber. In addition, each 
line of the group can be individually selected by 
dialing the proper connector terminal number. 


In such trunk hunting connectors four bank 
terminals per line are used. The fourth contact 
indicates to the switch that a line belongs to a 
PBX group, so that the connector automatically 
steps on, if the line happens to be busy. It is used, 
furthermore, to delimit the size of the group: that 
is, to indicate the last line in a group, so that the 
switch will not trespass into the next group in 
case the last line is also engaged. The size of a 
group is not limited to the ten contacts of any one 
level, since, by suitable circuit provisions, the so- 
called level hunting PBX connectors will auto- 
matically step to the next higher level and con- 
tinue searching for an idle line. This searching 
lasts either until one is found, or until the bound- 
ary of the group is reached, which is again indi- 
cated by the appropriate marking of the fourth 
conductor. 


Banks with four hundred contacts can also be 
found in large private automatic exchanges where 
extension telephones are divided into several serv- 
ice classes, the various groups differing from one 
another as to the calls they are permitted to make. 
Certain groups of telephones, for instance, may be 
restricted to internal use only (calls to telephones 
within the organization), while other lines may 
have access to the public network through central 
office trunks connected to selector levels. Then 
again, certain important stations may be privileged 
to override the busy signal on internal calls and 
enter into an existing local conversation as long 
as neither of the talkers has this same authority. 


It is apparent that for such discriminating serv- 
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Figure 5. Strowger switch (circa 1902) with line 
bank in two sections to provide greater spacing 
between adjacent levels. 











ice, with stations divided into service groups, the 
lines must be distinguished by suitable class of 
service markings, which must be carried through 
several switch stages when a connection is built 
up. While it is possible to do this with three con- 
ductors, the necessary circuit provisions are quite 
involved. If, however, a fourth conductor is re- 
served exclusively for extending the class of service 
markings through successive selector stages, the 
circuits are very simple. The markings from the 
subscribers’ line circuits are carried either through 
four-conductor line switches, or in linefinder sys- 
tems through 400-point banks and a fourth wiper, 
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Figure 6. Typical present-day 300-point selector bank 
showing switch shaft and wipers. 


with the fourth bank terminal of each line circuit 
carrying the class of service information. 


In the latter case it is sometimes possible to 
place all lines of the same service class on one or 
more finder bank levels, and provide the infor- 
mation by level marking (or normal post) springs. 
In this case 400-point banks are not required, but 
such an arrangement is less flexible than the one 
previously described. Class of service markings 
then have to be extended through one or more 
subsequent selector banks, for which four-con- 
ductor circuits and 400-point banks are likewise 
employed. 

A typical private automatic exchange service 
which requires four-conductor circuits is automatic 
fire reporting from extension telephones. In emerg- 
ency a special number is dialed at the reporting 
station, whereupon the fire alarm equipment auto- 
matically sends out a fire alarm code correspond- 
ing to the location of the reporting extension. It 
is obvious that the alarm equipment can do this 
only if the calling station is properly identified. 
Accordingly, extensions must be grouped in a cer- 
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tain pattern depending on their location, and the 
corresponding group marking forwarded to the 
fire alarm equipment. This must be done through 
a line switch or linefinder and one or more selector 
stages. Four-conductor circuits and 400-point 
banks are employed for this purpose. 


Such discriminating service, with class of service 
identification, is by no means limited to private 
automatic installations for internal traffic only, 
but is also widely used in network operation. In 
a recently installed network, for example, Director 
equipment was provided in order to permit intri- 
cate branching and complex trunking, with simple 
universal numbering. Subscribers were segregated 
into groups according to the type of service made 
available to them; the Directors, because they were 
required only for calls beyond a local exchange, 
were placed between the first and second selectors. 
Since the class of service group of the station mak- 
ing the call had to be analyzed in the Director, 
the calling line’s group marking was extended 
through the bank of the first selector to the Di- 
rector. This again was most conveniently achieved 
by a four-conductor circuit and 400-point selector 


bank. 


Among the many applications of four-conductor 
circuits in the Strowger system only one more need 
be mentioned. In automatic toll boards the con- 
nection between the local subscriber and the long 
distance line is established by switching means 
similar to those used in other branches of automatic 
telephony: that is, through selector switches and 
relays. The operator retains a set of keys and 
lamps, commonly referred to as the link circuit, 
to control and supervise the connection. The link 
circuit is connected to the local and toll line cir- 
cuits through Strowger finder and selector switches, 
instead of through cords, plugs and jacks as in 
cord-type boards. 


For toll operation it is necessary to extend to 
the operator, in addition to the two talking con- 
ductors and the busy guard or private conductor, 
a fourth one to control the supervisory lamps in 
the link circuit. It is quite feasible to accomplish 
this in a three-conductor circuit (as through the 
tip, ring and sleeve of cord-type boards, where the 
supervisory lamp may be controlled either over 
the talking loop or by marginal conditions over 
the sleeve). However, the employment of a sep- 
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arate conductor for the supervisory lamp permits 
very simple and straightforward circuits. The sep- 
arate conductor is supplied by 400-point line- 
finders. 


The 600-Contact Bank 


As will be recalled, one of the earliest Strowger 
system patents disclosed that a large number of 
banks can be associated with each switch, so that 
a thousand lines could be accommodated on a 
single rank of switches. Although there are no 
theoretical reasons why such a system would not 
be feasible, in practice it was too ambitious for 
those early days. As a matter of fact, switches of 
such large capacity are not necessarily justified 
from an economic standpoint. There are a num- 
ber of factors involved, such as the relative cost 
between the bank (plus bank wiring) and switch 
mechanism (plus associated relays), the cost of 
the switches succeeding those under consideration, 
and whether the trunks outgoing from the bank 
levels remain in the local office or extend out of 
the office to become expensive interoffice trunks. 
Manufacturing convenience, standardization and 
other factors must also be considered. 


From the point of view of mechanical design 
alone, the number of banks which can be asso- 
ciated with a switch is limited by the maximum 
allowable mass of the switch shaft and attach- 
ments. It is restricted also by the maximum fric- 
tion between the wipers and the bank which must 
be overcome by the switch driving mechanism, 
with a given electrical power input to the switch 
magnets and with a prescribed operating speed 
and pulse ratio. In addition, the length of the 
switch shaft carrying the wipers is limited by the 
need for correct alignment of the wipers with the 
bank levels and contacts. 


It was nevertheless soon recognized that the 
Strowger switch mechanism has ample power to 
move more than two sets of wipers at the specified 
operating speed. As mentioned above, even in 
1902 switches were produced with three banks, 
although alternating the line bank levels permitted 
only two sets of wipers to make contact at any 


one time. 


Among the various types of switches in use in 
modern automatic exchanges the test distributor 
was the first to employ 600-contact banks. There 
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is usually one test connector furnished for each 
group of connectors, giving access from the test 
desk to every subscriber’s line in the exchange. 
Such a device provides a convenient means for 
testing outside lines, subscribers’ stations and line 
equipment directly from the test desk, without 
requiring an assistant to plug up test clips on the 
main frame. In a 10,000-line office with hundred- 
terminal connectors there are, altogether, a hund- 
red test connectors, individually selected by a spe- 
cial hundred-line Strowger switch, the test dis- 
tributor. 


Six conductors are required between the test 
trunk and the test connector: two for the opera- 
tion of the test connector mechanism, one for busy 
test and guard on the bank of the test distributor, 
two extended clear through to the subscriber’s 
circuit for line testing, and one to control the 
subscriber’s bridge cutoff relay. Since six wires 
must, therefore, go from the test distributor bank 
to each test connector, the test distributor is 
equipped with a 600-point bank assembly, made 
up of three banks with a hundred pairs of con- 
tacts each. The operating requirements for the 
switch are not severe: it is controlled by two digits, 
dialed from the test desk over a local circuit. 


Of far more economic significance than the test 
distributor was the application of 600-point banks 
to selectors in 1918. One of the most important 
problems in telephone engineering is the provision 
of efficient trunking between two ranks of switches, 
and even more between two exchanges of a net- 
work. In order to utilize every trunk in a given 
group to its fullest capacity, it is desirable that 
selectors have access to as many trunks as pos- 
sible. A selector with ten contacts per level has 
access to ten trunks. While efficiency can be great- 
ly improved with a proper grading scheme, the 
number of trunks available to a selector will still 
remain at ten per level. 


There are two ways to increase this number: 
if a trunk-selecting rotary switch is attached to 
the selector bank outlets, the selector will have 
access to all trunks connected to the banks of these 
rotary switches. If in addition the successive selec- 
tor bank contacts are connected to trunk finder 
switches having different trunk groups on their 
banks, each selector will have access to virtually 
all trunks, even if the trunk groups are very large. 
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The other method is even simpler: the number of 
contacts per selector level is increased; and this 
is where the 600-point bank becomes useful. Both 
methods have their advantages and limitations, 
and each is used under certain conditions. 


Generally speaking, the number of outlets per 
level cannot be increased indiscriminately, since 
the selector must complete its trunk hunting dur- 
ing the pause between two digits. With a given 
maximum rotary stepping speed the number of 
steps the selector can make during this time 1s 
limited. On the Strowger switch, however, there 
may be twenty trunks connected to each level, ar- 
ranged in ten pairs; so that by testing two trunks 
simultaneously at every step the switch mechanism 
can cover twenty trunks while making only ten 
steps. If either or both of any two are idle, the 
selector stops and completes the circuit to the 
proper set of wipers and bank contacts. Switching 
to one or the other set is done by a relay in the 
switch circuit. If both trunks of a pair are idle, 
one is always selected by preference, and visual 
or audible means are provided by which the select- 
ed set of wipers can be identified for maintenance 
purposes without removing the switch cover. 


The two lower banks of such selectors contain a 
hundred pairs of talking conductors each; the 
uppermost bank has bridging type contacts and in- 
cludes the private conductors for all two hundred 
trunks. Customarily, the lower line bank and the 
lower set of private contacts are considered first 
choice of a pair. Banks with 660 terminals, as 
referred to before, are also extensively used. 


Another type of selector employing 600-point 
banks is a version of the so-called twenty-level 
digit absorbing selector. This switch has access to 
only ten trunks per level; each level, however, 
includes two independent groups of trunks. The 
first digit dialed into the selector raises the shaft, 
which then, as in any other conventional selector, 
cuts in and rotates automatically on all levels but 
one. There are ten trunks to choose from on each 
level, one on every rotary step—usually those con- 
nected to the lower line bank and the lower set 
of private contacts. 


If, however, the first digit corresponds to the 
level which was excepted in the preceding de- 
scription, the switch shaft drops back immediately. 
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The second digit raises the shaft again, and the 
switch cuts in and rotates on the dialed level as 
before, except that now the second set of trunks 
is tested and the first idle one among them seized. 
Hence with this arrangement each selector has 
access to nineteen independent groups of contacts 
with ten outlets each. It thus combines in one 
switch two selector stages, the second one asso- 
ciated with the first digit which caused the switch 
to drop back. 


By using this type of selector it is possible to 
have a 1900-line exchange in a single-office com- 
munity, without any second selectors, with mixed 
three- and four-digit subscribers’ numbers. On 
the other hand, by arranging the switch to drop 
back after the first digit on all levels, and then 
selecting one or the other set of wipers and banks 
dependent on the level from which it dropped 
back, two thousand lines with uniform four-digit 
numbers can be accommodated, needing only first 
selectors and connectors. 


There are several other versions of twenty-level 
selectors. In one, for instance, the shaft does not 
drop back after the first digit, but one or the 
other set of wipers is selected by the second digit 
before the switch cuts in on the level for auto- 
matic trunk selection. 


Before leaving the subject of 600-point banks 
in selectors, their use in automatic toll boards 
should be briefly reported. It will be recalled that 
it is Customary in automatic toll board operation 
to extend a four-conductor circuit from the opera- 
tor’s lamp and key equipment (referred to as a 
link circuit) to local and toll line equipments. 
These conductors must pass through one or more 
selector stages, and there are additional circuit 
conditions which have to be conveyed over these 
selectors at the same time. Consequently selectors 
employed in the automatic toll board switch train 
have five or six conductors per trunk, and are 
equipped with 500- or 600-point banks respec- 


tively. 


Connectors 


If 600-point banks are adapted for connectors 
(three banks with two hundred contacts each), 
it is obviously a simple matter to accommodate 
two hundred subscribers’ lines per connector group. 
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As in selectors, there are two separate line banks 
for each hundred pairs of talking conductors, and 
a private bank in which the lower and upper con- 
tacts of each pair are associated with the first and 
second hundred groups respectively. The con- 
nector circuit is even simpler to adapt for 200-line 
operation than the selector: it is merely a matter 
of selecting one or the other set of wipers before 
the switch is stepped opposite the called sub- 


scriber’s line. 


Several methods of wiper selection have been 
devised. The following two, however, are most 
widely used. In one the connector is reached 
through two separate levels of the preceding selec- 
tor, corresponding to the third digit of the sub- 
scriber’s number, counting from the end. The 
wiper selecting relay operates or remains normal, 
depending on which access of the two is the con- 
nector seized. In the other method the third digit 
of the subscriber’s number (counting backwards) 
is also different for each group of a hundred lines, 
only in this case wiper selection is made after the 
connector is seized. Of three digits dialed into 
the connector, two are for stepping the switch and 
one is absorbed—its only purpose being the selec- 
tion of the correct set of wipers. In party line con- 
nectors, sometimes, the wiper and party selecting 
functions are combined in the same digit. 


The relative advantage of 200- and 100-line 
connectors is mainly a question of comparative 
costs between switch and bank plus bank wiring, 
and must be detemined for individual cases. Gen- 
erally speaking, the number of switches which can 
be saved depends on the traffic: the heavier the 
traffic, the less the saving. For instance, if twenty 
connectors plus two test connectors are required 
for two separate 100-line groups, only eighteen 
connectors plus one test connector are needed in 
a combined 200-line group. If the average traffic 
per line is fifty percent higher, the corresponding 
switch requirements are twenty-eight and twenty- 
six, respectively. 


The cost per switch saved depends on the num- 
ber of relays used, which again depends on the 
operating requirements of the circuit. Against the 
saving in number of switches and in floor space 
must be balanced the cost of the additional bank 
and wipers, and an extra relay per connector. A 
further factor affecting relative costs is that shelves 
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are manufactured in standard width with a certain 
number of banks per multiples: hence there may 
be an excess of spare banks in one or the other 
case. 

The foregoing calculations are based on the as- 
sumption that the connectors are preceded by 
selectors with ten trunks per level. The number 
of connectors required will change in favor of 200- 
line groups if the selectors have twenty outlets per 
level, but here the increased expense of the twenty- 
trunk selectors with 600-point banks must be in- 
cluded in the cost of comparison. 


The 200-line connectors of the three-digit type 
can be employed to best economic advantage in 
small exchanges (between a thousand and two 
thousand lines) by using only first selectors and 
connectors, and thus eliminating the rank of sec- 
ond selectors. With the previously described digit- 
absorbing twenty-level selectors and 200-line con- 
nectors a theoretical maximum of four thousand 
lines can be served without any second selectors. 
Many other combinations for saving groups of 
switches can be devised, but usually some sacrifice 
in the numbering scheme must be made. 


From the foregoing examples it is apparent that 
the 600-contact bank has a profound importance 
in the economies of Strowger equipment, but it is 
perhaps in no case more significant than when used 
in a linefinder system. 


Linefinders and Lineswitches 


In the first automatic telephone exchanges an 
individual connector (later, when exchanges in- 
creased in size, an individual selector) was pro- 
vided for every subscriber’s line. To reserve perm- 
anently such an expensive piece of equipment for 
the exclusive use of one line was somewhat extrava- 
gant and, indeed, unnecessary, because the sub- 
scriber used his line only at intervals. The eco- 
nomic success of automatic switching dates from 
the conception of trunking which permitted a 
group of subscribers to share switching facilities 
without inconvenience. With the aid of mathe- 
matics and experience the maximum likely num- 
ber of simultaneous demands on switching equip- 
ment by groups of subscribers was definitely estab- 
lished. Consequently, providing a_pre-selecting 
stage reduced the amount of switching means to 
a fraction of what was previously furnished. 
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Figure 7. Strowger 600-point bank, as used in 
200-line linefinder. 








Figure 8. Strowger 4-section bank, showing third 
shaft bearing. 








It is well known that there are two fundament- 
ally different methods of pre-selection: by furnish- 
ing each subscriber’s line with a small individual 
lineswitch an idle first selector can be chosen from 
a group common to a large number of lines; or 
by connecting the subscribers’ lines to the bank 
multiple of a small number of linefinders, the 
calling line gains access through an idle linefinder 
to a first selector. Each method. has certain advan- 
tages; each can be profitably applied under certain 
definite circumstances. 


Under proper conditions linefinders save ex- 
pense and space. In estimating the savings, two 
items must be considered: a comparison of the 
total cost (and space) of linefinders against that 
of lineswitches for the same number of subscribers’ 
lines; and the number of first selectors required in 
each alternative. It can be seen, therefore, that 
the economy of a linefinder system does not de- 
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pend entirely on its own cost, but is conditioned 
to a large degree upon the type of first selectors 
with which it is associated. 


A thorough analysis shows that under average 
conditions—the case in the great majority of ap- 
plications—the linefinder system is superior in both 
cost and space. However, in order to obtain its 
fullest benefit the subscribers’ lines should be in 
groups of two hundred when Strowger switches 
are employed. It is therefore obvious that the in- 
troduction of 600-contact banks was essential for 
the success of linefinder operation. 


The idea of employing Strowger switches as 
linefinders dates back about forty years, but none 
of the proposed systems was attractive enough to 
supplant the lineswitches then in use. A linefinder 
switch when seized must automatically hunt for 
a marked line. In the case of a two-motion switch, 
this means that it must step vertically until a 
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marked level is reached, on which the calling line 
is located, then cut in and rotate automatically 
until the marked contact is found. There were no 
difficulties with the second part of the action: it 
is comparable to finding an idle trunk by selectors. 
For the first part, however, means to detect the 
marked level during vertical stepping had to be 
provided; and there was no such means on the 
Strowger switch in those days. The crucial step 
towards its realization came about 1915 with the 
development of the vertical bank. A small auxil- 
iary assembly of eleven contacts was placed on 
one side of the regular bank, and searched over 
during vertical stepping by an additional wiper 
attached to the switch shaft. When a call was 
originated, the vertical bank contact corresponding 
to the level of the calling line was marked. The 
finder switch stepped up until its vertical wiper 
found the marked contact, whereupon the circuit 
to the vertical magnet was interrupted and the 
switch cut in. The finder then rotated automatic- 
ally until the private wiper reached the contact 
marked by the calling line. It took another ten 
years until Strowger linefinders became practical, 
and it was not until the adaptation of 200-line 
finders, using 600-contact banks, that linefinder 
systems were almost exclusively employed in Strow- 
ger type public exchanges. The bank and wiper 
arrangement of such a finder is shown in Figure 7. 


Except for the added eleven-point vertical bank, 
the arrangement of the banks is the same as on 
the 200-line connectors. The banks of a linefinder 
group, however, are divided into two subgroups, 
and the multiple of the subgroups is reversed. That 
is, lines appearing on the five lower levels in one 
subgroup are placed on the five upper levels in 
the other one. The finders are also subdivided, 
so that regularly half of them serve but one hund- 
red lines, appearing on the five lower levels. Only 
if all finders of one subgroup are engaged do the 
other finders take over the whole group of two 
hundred lines. With this arrangement, finders as 
a rule must make a maximum of only five vertical 
steps. Since only one finder in each subgroup 
steps at any one time, common control equipment 
is employed. This equipment selects one or the 
other set of wipers, depending on whether the 
calling line is connected to the upper or lower 
private contact of a pair. If both lines of the same 
pair are calling simultaneously, one will be switched 
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preferentially, while the other will be picked up 
by the finder started immediately afterwards. 


The importance of 200-line operation can best 
be illustrated by the fact that between twenty and 
twenty-five percent of all Strowger switches now 
manufactured by Automatic Electric Company 


have 600- or 660-point banks. 


The 800-Point Bank 


By adding a fourth bank to the Strowger switch 
its Capacity can be increased to seven or eight 
hundred contacts. To accommodate the fourth 
set of wipers the switch shaft must be lengthened 
correspondingly; and in order to assure correct 
alignment of the wiper on the bank contacts a 
third shaft bearing was added just above the bot- 
tom bank. See Figure 8. 


Whether such a switch is advantageous must 
again be determined for each individual applica- 
tion, by considering the possible saving in switch 
quantities and space against the increased cost of 
the additional bank, wiper and relay equipment, 
as well as other factors such as manufacturing con- 
venience and standardization. There are two dif- 
ferent fields for its application: Where 200-line 
switches are used with four-conductor circuits; and 
in some special switches requiring more than six 
conductors for each of their hundred outlets. 


As an example of the first use, it will be recalled 
that trunk hunting connectors must have four con- 
ductors per line. If 200-line trunk hunting con- 
nectors are specified, switches with four banks are 
employed. The code register switch in the Strow- 
ger Director belongs to the second group: it 1s 
stepped vertically and horizontally under dial con- 
trol, and extends an eight-conductor circuit at 
each of its one hundred possible positions. 


The Type 2000 Switch 


With switches up to 800-contact capacity all 
requirements of practical significance can be satis- 
fied. Occasionally, however, two-motion switches 
have been built exceeding this capacity. The ‘Type 
2000 selector, which operates on the Strowger 
principle, but differs from the switches heretofore 
discussed in several constructional details, is par- 
ticularly adaptable for operation with a large num- 
ber of banks. As an example, a switch equipped 
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with nine banks of two hundred contacts each, 
plus a vertical bank, was used as a 200-line con- 
necting circuit finder for tandem toll switching, 
having nine conductors per connecting circuit. In 
this application the finder inserted voice repeaters 
in the connection, which required the switching of 
nine conductors: tip and ring of both sides, and 
monitoring, supervisory, private and gain control. 
Switches with ten banks of two hundred contacts 
each, plus a vertical bank, have also been made. 

The significance of these various applications of 
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the Strowger bank lies in the adaptability of the 
bank design to various capacities, whether meas- 
ured in terms of outlets or in terms of conductors. 
For the majority of ordinary switch applications, 
particularly selector and connector, a 300-point, 
100-outlet bank suffices, and it is wasteful to pro- 
vide for more. But where there is need for a 
larger number of contacts—even up to 600 or 
more—such a number can easily be provided with- 
out departing from the basic Strowger switch and 
bank design principles. 
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FLEXIBILITIES IN TRUNKING ARRANGEMENT 
FROM STROWGER SELECTOR BANKS 


By N. SALVESEN 


group as compared with several smaller 
groups is well known to telephone engineers. 
For example, a single group of a hundred trunks 
will carry approximately ninety percent more traf- 
fic than ten groups of ten trunks each. The value 
of this economy is most pronounced in multi-office 


Te efficiency and economy of a large trunk 


areas where the efficient use of interoffice trunks 
is of paramount importance. 


When this fundamental fact is applied to modern 
automatic telephone switching equipment it would 
appear that the ideal group selector would be a 
switch having a very large number of trunk outlets 
per level. While this is true in theory, there are 
certain elements, such as interdigital hunting time, 
manufacturing problems, and operating conditions, 
which definitely limit the number of trunk outlets 
per level for which a switch may economically and 
practically be designed. 


Increasing 10/10 Selector Efficiency 


Since it may not be economical to build a switch 
with a very large number of trunk outlets per level, 
various ways have been devised for increasing the 
efficiency of trunk groups reached from switches 
having relatively few traffic outlets per level. One 
such switch is the standard Strowger 10/10 selec- 
tor: that is, a selector having ten levels with ten 
trunk outlets per level. The following methods are 
generally used for increasing efficiency: 


(1) Grading of bank contacts 
(2) Full secondary trunking 
(3) Partial secondary trunking. 


Grading is predicated on the fact that in auto- 
matic telephone systems, where a switch starts from 
a “home” position and rotates in a fixed direction 
over a group of bank contacts, the first few contacts 
of the group will carry the greater portion of the 
traffic. By employing a system of individual con- 
tacts for one or two first-choice trunks, and com- 
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SYNOPSIS: Superior efficiency of the 
large trunk group—methods of in- 
creasing efficiency of 10/10 selector 
outlets—explanation of each method 
— savings effected by secondary 
trunking—10/20 selectors—the 600- 
point bank — flexibility of Strowger 
apparatus. 








mon contact groups of various sizes for the re- 
maining trunks, the efficiency of the low traffic 
carrying last-choice trunks will be materially in- 
creased. 


Figure 1 shows a typical grading of a Strowger 
10/10 selector level. There are twelve sub-groups 
(A to L), having a total of one hundred and 
twenty bank terminals available for outgoing 
trunks. Since fifty working trunks are to be con- 
nected to the level, the hundred and twenty bank 
terminals are progressively graded into groups of 
individual and common trunks. It will be noted 
from a study of Figure 1 that all traffic from a 
sub-group—sub-group A, for instance—will first be 
offered to trunk No. 1. The traffic which cannot be 
handled by trunk No. 1 will be passed on to trunk 
No. 2, and so on to successive trunks. Since the 
traffic offered trunk No. 3 will be less than that 
offered trunk No. 2, the grading scheme increased 
the efficiency of trunk No. 3 by commoning it with 
the third contact of sub-group B. In like manner, 
by progressively increasing the number of common 
contacts per trunk the traffic carried by the later- 
choice trunks will be substantially increased. On 
the other hand, the traffic carried by these fifty 
graded trunks would require sixty trunks (six 
groups of ten trunks each) if grading were not 
employed. 


A further increase in trunking efficiency may be 
obtained by the use of secondary trunking, either 
on a full or on a partial basis. Figure 2 shows full 
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secondary working applied to interoffice trunking. 
The trunks from the selector banks terminate on 
outgoing secondary lineswitches, which in turn 
trunk to impulse repeaters associated with the out- 
going trunks. The secondary lineswitches may be of 
either the plunger or the rotary variety. They are 
preselecting: that is, each idle lineswitch is, through 
its bank, associated with an idle impulse repeater. 
When a secondary lineswitch and a repeater are 
being engaged in an outgoing trunk call, all other 
secondary lineswitches which may at that moment 
be prepared to seize this particular repeater are 
caused to move ahead to contacts leading to other 
idle repeaters. In this way a secondary lineswitch 
preselects an idle outgoing trunk, thereby eliminat- 
ing mutilation of dialed numbers which otherwise 
might occur if searching for an idle trunk had to 
be done during the inter-digital period. 


The traffic applied to the example shown in 
Figure 2 is, for purposes of comparison, the same 
as that used in connection with Figure 1. A group 
of sixty-two trunks will be required from the second 
level of the first group selector. They will be re- 
quired from the second level of the first group 
selector. They will be graded similarly to those in 
Figure 1 and connected to sixty-two outgoing sec- 
ondary lineswitches, the banks of which will in turn 
be connected to forty-three repeaters. It will thus 
be seen that the use of outgoing secondary line- 
switches effects, in this particular example, a sav- 
ing of seven trunks over the graded trunking scheme 
without secondaries. Furthermore, the employment 
of outgoing secondary lineswitches makes all inter- 
office trunks available to any first group selector, 
thus achieving full use of the trunk group. 


Partial secondary trunking is a scheme in which 
the first-choice trunks from the selector banks go 
direct to the next rank of switches, while the last- 
choice trunks go first to secondary lineswitches, 
which in turn trunk to the next rank of switches. 


Figure 3 shows partial secondary working applied 
to interoffice trunking. From the banks of the 
first group selectors a number of first-choice trunks 
go direct to impulse repeaters, while the remaining 
trunks go to outgoing secondary lineswitches. All 
of the impulse repeaters are multiplied on the 
secondary lineswitch banks. Thus a number of 
trunks may be reached direct from the first group 
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selector banks, while all trunks are available 
through the secondary lineswitches. The number 
of direct trunks is generally sufficient to carry the 
traffic during the non-busy hours. 


The outgoing secondary lineswitches are of the 
rotary preselecting type, and are equipped with 
banks having twenty-five trunk outlets. In the 
example shown in Figure 3 there is a total of 
thirty-nine outgoing trunks. Twenty-four of these 
are reached direct from the first selector banks. and 
fifteen are reached via the secondaries. Since the 
secondary lineswitches will have access to all of 
the thirty-nine trunks, it becomes necessary to 
divide them into two groups, A and B, with twenty 
trunks connected to the former and nineteen to the 
latter. 


Grading for Greater Trunk Availability 


In order to obtain greater availability of the 
direct trunks to the impulse repeaters these trunks 
should be distributed over the three or four first 
contacts of the bank. The selector bank grading 
shown in Figure 1 will, therefore, not be quite 
suitable for partial secondary working. Figure 4 
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Figure 2. Full secondary interoffice trunking. 








shows a selector bank grading which may be ap- 
plied to the second level of the first group selectors 
in the trunking arrangement illustrated by Figure 
3. The twenty-four direct trunks to the impulse 
repeaters are graded over the first four contacts of 
the level. The trunks from the remaining six con- 
tacts of the level are graded and connected to the 
outgoing secondary lineswitches, in such a manner 
than an approximately equal number of group A 
and group B lineswitches may be reached from each 
selector sub-group. As an example, trunk No. 25 
would be connected to a lineswitch in group A, 
and trunk No. 26 would be connected to one in 
group B. In this way, all of the thirty-nine outgoing 
trunks will be made available from any selector 
sub-group. 


The same traffic is used in the example shown 
in Figure 3 as was used in connection with Figures 
1 and 2. As in Figure 2, there will be required a 
group of sixty-two trunks from the second level of 
the first group selectors. These trunks may be 
graded as shown in Figure 4. It will be seen from 
Figure 3 that in this particular case the partial 
secondary trunking effects a saving of our trunks 
over the full secondary scheme (Figure 2), or a 
total saving of eleven trunks over the graded 
trunking scheme without secondaries. 


Economic Value of Secondaries 


The economic value of the savings effected by 
either full or partial secondary trunking depends 
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upon whether the price of the saved cable pairs, 
impulse repeaters, incoming selectors and associated 
banks, mountings and cabling will at least exceed 
the price of the secondary equipment. This can 
only be determined by careful and comprehensive 
studies of all facts involved in each specific case. It 
is evident that the larger the trunk groups are, the 
greater will be the savings effected. 


As stated in the opening paragraphs, the ideal 
group selector would seem to be a switch having a 
large number of trunk outlets per level. But such 
a switch, in addition to being quite expensive, 
would probably also be very impractical in a 
majority of cases. Apportioning the price of the 
selector equipment in each rank of switches to a 
price-per-level makes it apparent that, since each 
level represents a considerable capital investment, 
the fullest possible use must be made of levels in 
order to justify the installation of such a selector. 
The fundamental requirements for applying this 
selector to a project would therefore be a high 
calling rate per level, and full use of all levels— 
either initially or ultimately. 


Except in large metropolitan networks, a large 
number of trunk outlets on all levels is seldom 
required. For this reason, the standard 10/10 selec- 
tor—either with or without secondaries, as may 
be justified—generally meets most traffic condi- 
tions which may be encountered in the average 
exchange. However, for exchange networks where 
the traffic per level, and the use of levels, are such 
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Figure 3. Partial secondary interoffice trunking. 








as to warrant the installation of a switch having 
greater traffic carrying capacity per level, Auto- 
matic Electric Company has available a 10/20 
selector. This is, of course, a ten-level selector with 
twenty trunk outlets per level. Twenty outlets per 
level, it has been observed, appear to be the maxi- 
mum number desirable in a selector from both 
practical and economic viewpoints. 


The 10/20 selector is quite similar to the stand- 
ard Strowger 10/10 group selector, except that it 
requires one more relay and uses 600-point banks. 
The selector hunts over the twenty sets of bank 
contacts per level in about the same time that a 
standard 10/10 selector covers ten sets of bank 
contacts per level. 


Mechanics of 600-point Bank 


for the sake of clarity, the 600-point banks 
should be considered as two 300-point banks: a 
lower and an upper bank, each with ten levels. 
Associated with each set of banks are a lower set 
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and an upper set of wipers, mounted on a standard 
Strowger switch shaft capable of making ten verti- 
cal steps. The wipers are so located on the shaft 
that when it is moved vertically (say) three steps 
the lower wipers will be opposite the third level of 
the lower set of banks, while the upper wipers will 
be opposite the third level of the upper set. The 
twenty trunks per level are so arranged on the bank 
contacts that odd-numbered trunks appear on the 
lower banks and even-numbered ones on the up- 
pers. As a result, when a switch makes its first 
rotary step in on a particular level, the lower wipers 
will rest on trunk No. 1 while the upper wipers 
rest on trunk No. 2. 


When the switch becomes engaged, it moves 
vertically in response to the digit dialed. ‘This shaft 
motion raises the wipers to the level corresponding 
to that digit, and then the selector automatically 
rotates in on the level, to make simultaneous con- 
tact with trunks Nos. 1 and 2. If both are idle, the 
selector will cut through on trunk No. 1 to the next 
succeeding switch. If, however, trunk No. 1 is busy 
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but trunk No. 2 is idle, the selector cuts through on 
the second trunk to the next switch. And if both 
trunks are busy, the selector will automatically 
rotate to the next set of bank contacts, continuing 
this procedure until an idle trunk is found. Should 
all twenty trunks be busy, the selector will auto- 
matically rotate to the eleventh horizontal position 
and send back the “all paths busy” tone to the 
calling subscriber. 


The greater bank capacity of the 10/20 selector, 
combined with efficient grading of the bank con- 
tacts, makes this switch especially suited for use as 
an office selector in multi-office areas. 


Although the 10/20 selector does not in all 
respects produce quite as efficient use of trunk 
groups as the partial secondary scheme, it has a 
wide range of applications—considered from a 
viewpoint of simplicity of trunking and elimination 
of secondary lineswitches, with resulting lower 
maintenance cost. For instance, with the same 
traffic as in the previous examples, 10/20 selectors 
would require a group of forty-one outgoing trunks 
as compared with fifty trunks for the graded 10/10 
selectors, forty-three trunks for full secondary 
trunking, and thirty-nine trunks for partial sec- 
ondary trunking. 


Under certain traffic conditions the 10/20 selec- 
tor may also be used quite economically as a group 
selector in other ranks of switches, where the traf- 
fic per level and the use of levels are such as to 
permit its employment, effecting substantial sav- 
ings in the next rank of switches. However, since 
the savings only involve central office equipment 
and not interoffice plant, they would be smaller 
than when the switch is used as an office selector. 


The main object attained by the switching equip- 
ment and the trunking methods described in this 
article is a reduction in trunk quantities by efficient 
use of that equipment, without any loss of its traffic 





BANK TERMINALS 


DIRECT TRUNKS 
TO REPEATERS 
Ta 


ee go 
ttt? 


12 


TRUNKS TO OUTGOING 
SECONDARY  LINESWITCHES 





27 28 30 


H 


35 


Ie |x 


9 42 


tPitsstt 
fitte.tf 
: 





Is [It [Ib kK 


wo 
Is 


IT] I 


21 22 23 59 60 
_— 


og Bee ode 


Figure 4. Selector bank grading for partial secondary 
trunking. 

















carrying capacity and corresponding quality of — 
service. Whether the particular type of equipment 
chosen should be 10/10 selectors with full or partial 
secondaries, or 10/20 selectors, depends of course 
on the total traffic to be carried, and the traffic per 
selector level as well as the number of levels to be 
used. Such factors can be determined only by a 
thorough study of the requirements involved, from 
both initial and ultimate viewpoints. But regardless 
of which type of equipment is considered best 
suited for a particular installation, it should be 
borne in mind that the unit type construction of 
Strowger apparatus provides full flexibility. Adjust- 
ments and changes in trunking arrangements may 
be made easily and quickly to meet varying traffic 
conditions, without disturbing any operating unit. 
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